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Enzyme Activity: Catalase and Hydrogen Peroxide
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Introduction/Pre-Lab: 
Practically all of the numerous and complex biochemical reactions that take place in animals, plants, and microorganisms are regulated by enzymes. Most enzymes are Proteins. Each enzyme is able to promote only one type (or a small number) of chemical reaction. In an enzyme catalyzed reaction, the compounds on which the enzyme acts are called substrates and the resulting compounds are called products. Today, we will quantitatively investigate a reaction catalyzed by the enzyme Catalase.
2 H2O2 ---catalase--> 2H2O + O2
Catalase is an enzyme that is found in all animal and plant tissues as well as a number of protists.  It seems especially important for ridding tissues of hydrogen peroxide, a by-product of respiration and a chemical the body uses to help break down large molecules as well as pathogens which may invade the cell.  Hydrogen peroxide is like a cellular weapon, great when used correctly but dangerous if it gets out of control.  
Question: What are some of the ways cells use hydrogen peroxide?  Provide a citation for your answer.

Question: What are some ways hydrogen peroxide can cause damage to a cell?  Provide a citation for your answer.

Question: Why would it be essential for cells to contain an enzyme to neutralize H2O2?  Relate your answer to natural selection.


The catalase reaction, in the correct conditions, is extremely fast and effective.  So efficient, that it is even used as the propellant for propelling a mixture of disgusting boiling chemicals out of the rear of the bombardier beetle; click on the link to see catalase in action.
Business End of a Bombardier Beetle
Enzymes work by what is termed a “lock and key” model.  The following video demonstrates the lock and key model.  Draw the two reactions below clearly demonstrating the enzyme, substrate(s), enzyme substrate complex (when the substrates and enzymes are stuck together), and products.  P.s. it is ok to laugh, the video is goofy but makes the point.
Enzyme Workmen Video
Draw here:


This lab will investigate catalase and factors which affect its function.  Like all proteins, enzyme’s activity is determined by their shape and catalase is no exception.  All enzymes are adapted for the particular physiological conditions of the organism which uses them.  The catalase we will be using is from beef liver.  Here is a demonstration of how catalase decomposes H2O2 (sorry Mac folks, it’s Flash, get with a PC person to watch the animation.
Catalase's structure and reaction
List the following for the decomposition of H2O2 by catalase.
Substrate:
Enzyme:
Products:
Which molecule will the active site of catalase fit?
What happens to catalase after the reaction?

You learned about three factors that can alter enzyme function yesterday.  All of these factors alter the function of the enzyme by altering the shape of the active site of the enzyme.  
Question: Why would changing the active site of an enzyme affect its activity?
We will be examining the effects of pH and temperature on catalase.  As stated before, this catalase is from cow liver.  Based upon this information, as what pH and temperature do you expect this catalase to work best at? (Hint: look up cow physiology)

Hypothesis for pH optimum:

Hypothesis for temperature optimum:

Materials :
· HCl 
· 6 test tubes 
· hot water bath 
· 3 small graduated cylinders
· NaOH 
· test tube rack 
· ice bath 
· 100 ml beaker 
· H2O2 
· test tube holder 
· 20 mL beef liver catalase 
· stopwatch
Safety: HCl and NaOH are strong acids and bases. If you spill these chemicals on your skin, immediately wash in running water. Wear goggles at all times. Be careful of hot water and hot plates.
Procedure:
Part A:
1.  Label 3 test tubes hot, cold and room temp.
2.  Record the three temperatures in the table below.
2. Place 3ml of beef liver catalase into each test tube.
3. Place the test tube labeled hot in the hot water bath for 3 minutes.
4. Place the test tube labeled cold in the cold water bath for 3 minutes and the test tube labeled room temperature leave in the test tube rack.
5. After 3 minutes, add 3ml of H2O2 to each tube.
6. Wait one minute and record the height of the bubbles in each tube in cm. Record in Table 1. Measure the radius of the test tube and record in Table 1.

Part B:
1. Label 3 test tubes acid, base and water.
2. Place 3ml of beef liver catalase into each test tube.
3. Add 10 drops of HCl to the tube labeled acid, 10 drops of NaOH to the tube labeled base and 10 drops of water to the tube labeled water. Mix contents by gently swirling.
4. Wait 2 minutes then add 3ml of H2O2 to each tube.
5. Wait 1 minute for reaction to occur, then measure the height of the bubbles in cm. Record in Table 2.
6. Measure the radius of the test tube and record in Table 2.
Part C:
1. Calculate the volume of each reaction using the equation r2h. Record in data table.
Data:
Table 1: Effect of Temperature on Catalase Reactions
	 
	Height of Bubbles (cm)
	Radius of Test Tube (cm)
	Volume of Reaction (cm3)

	Hot

(___ºC) 
	 
	 
	 

	Room Temp
 (____ºC)
	 
	 
	 

	Cold
 (____ºC)
	 
	 
	 


 


Table 2: Effect of pH on Catalase Reactions
	 
	Height of Bubbles (cm)
	Radius of Test Tube (cm)
	Volume of Reaction (cm3)

	Acid
 pH=____
	 
	 
	 

	Neutral
 pH=____
	 
	 
	 

	Base
pH=____ 
	 
	 
	 


 
Analysis:
1. Create a graph of both data sets to visually compare the effects of the various conditions on catalase activity.  Give the graphs appropriate titles and axis labels and attach them to the end of the lab.


2. Did you support your hypothesis regarding temperature?  Use data from the lab to defend your answer.  


3. Did you support your hypothesis regarding pH?  Use data from the lab to support your answer.



4. Draw a cartoon version of catalase’s reaction with hydrogen peroxide below clearly demonstrating catalase, hydrogen peroxide, the active site, the enzyme substrate complex and the products below.



5.  Draw what you believe altering the pH and temperature did to the above cartoon.  Make sure to label all of the same pieces as well as any major changes.



6.  Relate what you observed regarding optimum pH and temperature to natural selection.  



7.  Look up the bacteria Thermus aquaticus and the conditions that it lives in.  If you were to test catalase from T. aquaticus what conditions would you expect it to work best in and why?
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